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D scription 

BACKGROUND OF INVENTION 

5 1 . Field of Invention 

[0001] Th present invention relates to a novel immobilized biocatalyst and its use, 
2. Related Art 



[0002] Known immobilized biocatalysts include those wherein enzymes or microorganisms are bound to the surface 
of a solid support by physical adhesion, Ion-bonding or covalent bonding, those wherein enzyme-containing substanc- 
es, such as cells, are mutually crosslinked, and those wherein enzymes or enzyme-containing substances are covered 
in a lattice or microcapsules. A different type of immobilized catalyst is described in Japanese Unexamined Patent 
Publication No. 5-344898, wherein a potyazetidine prepolymer, carboxymethyl cellulose, polyurethane hydrogel pre- 
polymer or polymethylene isocyanate is hardened on the surface of a solid support to immobilize microbial cells on 
the surface of the support. A disadvantage of these methods, however, is that the enzymes undergo considerable 
inactivation during the immobilization. 

[0003] EP-A-0,446,948 discloses a method for the immobilization of microbial cells wherein microbial cells are mixed 
with polyuronic acid,and a calcium chloride solution is dropwise added to the mixture so as to form polyuronate gel, 
thereby immobilizing the cells by the polyuronate gel, and subsequently the polyuronate gel is crosslinked with a 
crosslinking agent such as an ailylamine polymer to prevent leakage of an enzyme. 

[0004] WO 97/46590 discloses a process for immobilizing microbial cells wherein (i) a support member Is coated 
with a hydrophilic polymeric surfactant which is then crosslinked with an excess amount of a cross linker to form a first 
layer, (ii) the microbial cells are immobilized on the surface of the first layer using the excess (free) crosslinker, and 
(iii) the residual (free) crosslinker is used to attach a second layer, which can be an ailylamine polymer, to the first 
layer, thereby sandwiching the cells between the first and second layers. 

SUMMARY OF INVENTION 



[0005] It is therefore an object of the present invention to provide a novel immobilized biocatalyst which overcomes 
the disadvantages of considerable inactivation of the enzyme during the immobilization. 

[0006] As a result of much research aimed at overcoming the aforementioned disadvantage, the present inventors 
completed the present invention upon finding that an immobilized biocatalyst lacking that disadvantage and capable 
35 of stably maintaining its enzymatic activity for extended periods can be obtained by binding enzyme-containing cells 
to a solid support using a polyallylamine-based polymer which is water-soluble under acidic conditions but becomes 
insoluble under alkali conditions. 

[0007] The present invention therefore provides an immobilized biocatalyst comprising enzyme-containing cells 
which are immobilized on a water-insoluble solid support by a polymer represented by the following general formula: 
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wherein Y is a direct bond or a divalent group represented by the following formula 
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or — CH CH- 

I 1 
COOH COOH 

and R2 are each independently hydrogen atoms or organic residues, X" represents an anion, and n is an integer of 
100 to 5000, the immobilized biocatalyst being obtainable by mixing the said cells with water in the neutral to weakly 
10 basic liquid polymer, sprinkling the mixture onto the solid support and drying the solid support coated with the mixture. 
[0008] The present invention further provides a process for producing L-aspartic acid which is characterized by con- 
tacting fumaric acid with ammonia or ammonium fumarate, or maleic acid with ammonia or ammonium maleate on an 
immobilized biocatalyst according to the invention which employs cells containing aspartase and/or maleate isomerase, 
or a combination of such cells, as the above-mentioned cells. 

15 

DETAILED DESCRIPTION 

[0009] The support used for the immobilized biocatalyst of the invention may be either In granular or sheet form, with 
examples of granules including ion-exchange resins, for example the anionic exchange resins such as Ambalite IRA- 

20 904, tRA-94S, Ambalist A-26. A-27 (products of Organo, KK.), and the cationic exchange resins such as Ambalite 
200c, 201 B, IRC-50 and IRC-76 (products of Organo, KK.); and Inorganic carriers such as molecular sieves, alumina, 
silica and silica gel. The size of the granules is preferably 0.1 mm to 10 mm, and more preferably 0.3 mm to 3 mm. As 
sheets there may be used ion-exchange films and alumina or silica sheets. The thickness of sheets used is preferably 
0.01 mm to 10 mm, and more preferably 0.1 mm to 5 mm. 

25 [0010] According to the invention, the resin used for immobilization of the cells is a polymer represented by the 
following general fomnula: 
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wherein Y is a direct bond or a divalent group represented by the following fomnula 
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R^ and R2 are each independently hydrogen atoms or organic residues, X" represents an anion, and n is an integer of 
100 to 5000. 

[0011] When R^ and R2 in the fomnula are organic residues, they may be alky! groups of 10 carbon atoms or less 
such as methyl, ethyl, n-propyl, Isopropyl, n-butyl, Isobutyl and tert-butyl, among which methyl is particularly preferred. 
There may also be used halogen- or hydroxyl-substituted organic residues such as 4-chloro-2-dlmethylpentyl, 3-ethyl- 
2,5-dichloroheptyl and 2-hydroxy-3,5-dimethylnonyl, although 3-chloro-2-hydroxypropyl is particularly prefen-ed. 
[0012] X- may be a halogen ion such as F", CI", Br or I", among which CI" is preferred. Other monovalent anions such 
as NO3- and the like may also b used. The number represented by n is preferably 100 to 5000. Specific polymers 
which may be mentioned include those repres nted by the following structural fomnulas. 
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[0013] An example of a polymer of fomiula (A) is PAS410 (tradename), an example of a polymer of fomnula (B) Is 
PAS92 (tradename), an example of a polymer of fomnula (C) is PAS-M-1 (tradename), an example of a polymer of 
formula (D) is PAS-880 and an example of a polymer of fomnula (E) is PAS-H-5L, all of which may be obtained from 
Nitto Spinning, KK. Altematively, for example, the polymer of fomnula (A) may be produced by 1 :1 copolymerization of 
a dialtylamine salt (e.g. a hydrochloride) and mateic acid, the polymer of fonnula (B) may be produced by copolymer- 
ization or radical polymerization of a diallylamine salt (e.g. a hydrochloride) and sulfur dioxide gas, and the polymer of 
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formula (C) may be produced by copolymerization or radical polymerization of dialtylmonoalkylamines. 
[0014] The cells used for the invention may be any cells containing the desired enzyme, including for example, 
microbial cells such as bacteria, yeast, algae and filamentous fungi, and plant cells. The enzym is not particularly 
restricted, and examples of various enzymes include aspartas which converts ammonium fumarate into L-aspartic 
5 acid, maleate isomerase which converts maleic acid into fumaric acid, fumarase which converts fumaric acid into L- 
malic acid, malease which converts maleic acid into D-mallc acid, and hydratase which converts cis-epoxy-succinic 
acid into L-tartaric acid. More specific examples of cells which may be used are bacterial cells containing aspartase, 
bacterial cells containing maleate isomeras , and bact rial cells containing both aspartase and maleate isomerase. 
[0015] The following are more specific examples of microbial cells which may be used. 
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55 [0016] When a polymer represented by the above general fonnula (4) is added at low concentration to a culture 
solution obtained by culturing one of these microbes, the cultured cells can be cond nsed and precipitated, thus sim- 
plifying the procedure since centrifugation of a large amount of the culture solution is unnecessary. 
[0017] Specifically, the polymer represented by the above general formula (4) is added to a culture solution of the 
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microbes to be immobilized to a solid content of 1 0*1 0,000 ppm. and preferably 1 00-1 000 ppm, and after being allowed 
to stand the microbial cells aggregate and precipitate. Cooling the culture solution in advance is effective for preventing 
reduction of the desired enzyme activity. 

[0018] After thus precipitating the microbial cells, the supernatant may be drawn out to reduce the liquid amount by 
5 a few times. For example, after 500 ppm of PAS-880 has been added to 1 L of cultur solution and allowed to stand 
for 30 minutes, approximately 800 ml may be separated off as the supernatant. The remaining cell aggregate can then 
be subjected to low-speed centrifugation at 3000 rpm to recover the cells as a cake. 

[0019] Because the aggregated cells can be sufficiently separated even with a low-speed centrifuge, it is possible 
to recover the cells with simple equipment. 
10 [0020] The recovered cells may then be mixed with the pH-adjusted polymer either directly or after addition of water, 
and used as the immobilized material. 

[0021 ] In immobilization of the cells, either one type of cell may be immobilized or two or more different types of cells 
may be immobilized. For example, bacterial cells containing maleate isomerase and bacterial cells containing aspartase 
may be immobilized in combination. 
15 [0022] The cell immobilization may be accomplished by first mixing the cells with water in a neutral to weakly basic 
liquid polymer, and sprinkling it onto the solid support and drying it. The drying may be carried out using a common 
particle drier capable of not inactivating the enzyme in the cells, such as a rotary evaporator, fluidized bed dher or 
spray drier. 

[0023] When the amount of immobilized cells is insufficient after a single operation, the sprinkling operation and 
20 drying operation of the polymer/cell mixture on the solid support may be repeated a number of times, for example 2 to 

5 times. The proportion of the cells to be immobilized and the polymer is 4 to 200 kg, and preferably 10 to 50 kg, of 

polymer per 1 kg of cells (dry weight). When preparing a mixture of the polymer and cells, the amount of water added 

is 5 to 400 kg, and preferably 20 to 100 kg, per 1 kg of the cells. The thickness of the polymer layer containing the 

immobilized cells is 0.01 to 0.3 mm, and preferably 0.1 to 0.2 mm. 
25 [0024] If the immobilized catalyst is in the form of a film, the above-mentioned cell/polymer mixture may be applied 

onto a sheet-like support and then dried. The density of the immobilized cells may be adjusted by varying the amount 

of application or the number of times the application/drying cycle is repeated. 

[0025] One exemplified application for an immobilized biocatalyst of the invention is production of L-aspartic acid. 
In this case, an immobilized biocatalyst with immobilized aspartase-containing cells, especially bacterial cells, is packed 
30 Into a column and an aqueous solution of fumaric acid and ammonia or an aqueous solution of ammonium fumarate 
is passed through the column. 

[0026] Alternatively, an immobilized biocatalyst with immobilized cells (for example, bacterial cells) containing as- 
partase and maleate isomerase, or an immobilized catalyst with both immobilized cells containing aspartase and cells 
containing maleate isomerase on a single immobilizing support, is packed into a column and an aqueous solution of 
35 maleic acid and ammonia or an aqueous solution of ammonium maleate is passed through the column, to produce L- 
aspartic acid by a single-step process from maleic acid. 

[0027] Still alternatively, both an immobilized biocatalyst with immobilized cells containing maleate isomerase and 
an immobilized catalyst with immobilized cells containing aspartase are combined and packed into a column and an 
aqueous solution of maleic acid and ammonia or an aqueous solution of ammonium maleate is passed through the 

10 column, to produce L-aspartic acid by a single-step process from maleic acid. 

[0028] Still alternatively, an immobilized biocatalyst with Immobilized cells containing maleate isomerase and an 
immobilized catalyst with immobilized cells containing aspartase are packed into separate columns, and an aqueous 
solution of maleic acid and ammonia or an aqueous solution of ammonium maleate is first passed through the immo- 
bilized biocatalyst with immobilized maleate isomerase to convert the maleic acid to fumaric acid, and is then passed 

45 through the column of the immobilized biocatalyst with immobilized aspartase to convert the ammonium fumarate to 
L-asparllc acid. 

EXAMPLES 

50 [0029] The present invention will now be explained in more detail by way of examples, although the invention is in 
no way to be limited thereby. The reaction products were analyzed by liquid chromatography. 

Example 1 

55 [0030] A 5 L jar fennenter was loaded with 3 L of medium (pH 6.3) comprising a composition of 1 0 g of fumaric acid, 
5 g of (NH4)2S04, 1 g of KH2PO4, 3 g of K2HPO4, 0.5 g of MgS04*7H20. 5.5 g of NaOH and 20 g of yeast extract in 
1 L of distilled water, and Escherichia coli AJCC 11303 was Inoculated thereto for-aeration agitation culturing at 37*C. 
Culturing was continued for twenty hours, and the cells were collected by centrifugation. 
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[0031] After preparing a mixture of 70 g of PAS-880 (product of Nitto Spinning, KK.) with the pH adjusted to near 7 
with an alkali and 230 g of deionized water, the above-nnentioned cells were dispersed therein. In a 6 L volunne eggplant- 
shaped flask was placed 300 ml of an ion-exchange resin (Ambalite IRA-94S CI, average particle size: 0.5 mm, product 
of Organo, KK.) and 20 0.5-inch T flon spheres, after which 1/6 of the previously obtained cell disp rsion was added 
5 and subjected to vacuum drying for one hour with an evaporator at 30'*C while rotating, to coat the cells with th ion- 
exchange resin. After this operation was repeated 6 times, the Teflon spheres were removed to obtain beads of im- 
mobilized biocatalyst. 

[0032] The immobilized biocatalyst as prepared above was immersed overnight in a 20% ammonium fumarate so- 
lution (pH 8,5) at 4*'C, after which 50 ml thereof was filled into a jacketed column and 30**C warni water was circulated 
10 through the jacket to bring the temperature of the reactor to 30°C. 

[0033] A substrate solution in a capped bottle (200 g of fumaric acid, 200 g of 25% ammonia water, 0.25 g of 
MgS04»7H20 and 1 g of sodium sulfite in 1 L, adjusted to pH 8.3 with ammonia) was fed through a Teflon tube and 
passed through the column at a rate of 25 ml per hour for continuous reaction. 

[0034] Upon analyzing the reaction solution in the 6th hour after initiating the reaction, a reaction product i.e., L- 
15 aspartase acid was found in a roughly equimolar amount compared to the fumaric acid consumed, with a reaction 
conversion rate of 997%. 

[0035] The conversion rate of 99.7% was maintained up to the 7th day. 1 st month and even 4th month after initiating 
the reaction. No change was observed in the fomn of the immobilized biocatalyst. 

20 Examples 2 to 4 

[0036] The procedure of Example 1 was repeated using PAS-M-1 (Example 2), PAS-410 (Example 3) and PAS-H- 
5L (Example 4) as immobilizing polymers instead of PAS-880. 
[0037] The results are summarized in Table 2. 

25 

Table 2 





Polymer 


Initial conversion rate (%) 


Conversion rate after 7 days (%) 


Example 1 


PAS-880 


99.7 


99.7 


2 


PAS-M-1 


99.8 


99.7 


3 


PAS-410 


99.8 


99.7 


4 


PAS-H-5L 


99.6 


99.6 



[0038] The conversion rate from fumaric acid to L-aspartic acid did not decrease even after 7 days of use. 
Example 5 

[0039] Escherichia coii fiJCC 1 1 303 was cultured, in the same manner as Example 1 , by aeration/agitation culturing 
at 37*C. After 20 hours of culturing the medium was cooled to 1 0*C, 3 g of PAS-880 was added, and after 5 minutes 
of agitation the mixture was left to stand without agitation. When the cells aggregated and precipitated after 30 minutes, 
about 2.5 L of the supernatant was drawn out. The remaining solution was then drawn out together with the cells and 
subjected to low-speed centrifugation to recover 120 g of wet cells. 

[0040] After preparing a mixture of 70 g of PAS-880 (product of Nitto Spinning, KK.) with the pH adjusted to near 7 
with an alkali and 1 70 g of deionized water, the above-mentioned cells were dispersed therein. In a 6 L volume eggplant- 
shaped flask were placed 300 ml of an ion-exchange resin (Ambalite IRA-94S C1 , average particle size: 0.5 mm, 
product of Organo, KK.) and 20 0.5-inch Teflon spheres, after which 1/6 of the previously obtained cell dispersion was 
added and subjected to vacuum drying for one hour with an evaporator at 30**C while rotating, to coat the cells with 
the ion-exchange resin. After this operation was repeated 6 times, the Teflon spheres were removed to obtain beads 
of an immobilized biocatalyst. 

[0041] The immobilized biocatalyst as prepared above was immersed overnight in a 20% ammonium fumarate so- 
lution (pH 8.5) at 4*'C, after which 50 ml thereof was filled into a jacketed column and 30**C wamri water was circulated 
through the jacket to bring the temperature of the reactor to 30**C. 

[0042] A substrate solution in a capped bottle (200 g of fumaric acid, 200 g of 25% ammonia water, 0.25 g of 
MgS04»7H20 and 1 g of sodium sulfite in 1 L, adjusted to pH 8.3 with ammonia) was fed through a Teflon tube and 
passed through the column at a rate of 25 ml per hour for continuous reaction. 

[0043] Upon analyzing the reaction solution in the 6th hour after initiating the reaction, a reaction product i.e., L- 
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aspartase acid was found in a roughly equimolar amount with the fumaric acid consumed, with a reaction conversion 
rate of 99.7%. 

[0044] The conversion rate of 99.7% was maintained up to the 7th day, 1 st month and even 4th month after initiating 
the reaction. No change was observed in the fomn of the immobilized biocatalyst. 

5 

Claims 

1. An immobilized biocatalyst comprising enzyme-containing cells which are immobilized on a water-Insoluble solid 
support by a polymer represented by the following general fonnula: 
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wherein Y is a direct bond or a divalent group represented by the following formula: 
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and Rg are each independently hydrogen atoms or organic residues, X" represents an anion, and n is an integer 
of 100-5000, the immobilized biocatalyst being obtainable by mixing the said cells with water in the neutral to 
weakly basic liquid polymer, sprinkling the mixture onto the solid support and drying the solid support coated with 
the mixture. 

2. An immobilized biocatalyst according to claim 1, wherein said support is an ion-exchange resin or inorganic support. 

3. An immobilized biocatalyst according to claim 1 or 2, wherein said support comprises granules or a sheet. 

4. An immobilized biocatalyst according to any of claims 1 to 3, wherein and R2 in the formula of the polymer are 
each independently hydrogen or alkyi of up to 1 0 carbon atoms, optionally substituted by hydroxyl or halogen, and 
X- is a halogen or NO3" ion. 

5. An immobilized biocatalyst according to any of claims 1 to 4, which comprises cells containing enzymes selected 
from fumarase, malease, hydratase, aspartase and maleate isomerase. 

50 6. An immobilized biocatalyst according to any of claims 1 to 4, which comprises bacterial cells containing aspartase 
and/or maleate isomerase, or a combination of such bacterial cells. 

7. The use of an Immobilized biocatalyst according to any of claims 1 to 6 for the manufacture of fumaric acid, L- 
aspartic acid, L-malic acid, D-malic acid or L-tartaric acid. 



45 



55 



8. A process for producing L-aspartic acid or fumaric acid, characterized by reacting fumaric acid with ammonia or 
ammonium fumarate, or maleic acid with ammonia or ammonium maleate, or maleic acid on an immobilized bio- 
catalyst according to claim 6. 
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Patentanspruche 

1. Immobilisierter Biokatalysator aufweisend Enzym enthaltend Zellen, die an einem wasserunloslichen festen Tra- 
ger immobilisieit sind mittels eines Polymers, das dargestellt wird durch die folgende allgemeine Fomnel: 

5 
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worin Y eine direkte BIndung oder eine zweiwertige Gruppe ist, die dargestellt wird durch die folgende Fornnel: 
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Ri und Rg jeweils unabhangig voneinander Wasserstoffatome oder organische Reste sind, X" fur eln Anion steht 
30 und n eine ganze Zahl von 100 bis 5000 ist, wobei der innnnobilisierte Biokatalysator erhaltlich ist durch Mischen 

der Zellen mit Wasser in das neutrale bis schwach basische fltissige Polynner, Spritzen des Gemisches auf den 
festen Trager und Trocknen des nnit dem Gemisch beschichteten festen Tragers. 

2. Innmobilislerter Biokatalysator nach Anspruch 1 , bei dem der Trager ein lonenaustauscherharz oder ein anorga- 
35 nischer Trager ist. 

3. Immobilisierter Biokatalysator nach Anspruch 1 oder 2, bei dem der Trager Granulat oder ein Flachmaterial auf- 
weist. 

40 4. Immobilisierter Biokatalysator nach einem der Anspruche 1 bis 3, bei dem R^ und Rg in der Fomnet des Polymers 
jeweils unabhangig voneinander Wasserstoff oder Alkyi mit bis zu 10 Kohlenstoffatomen, gewunschtenfalls mit 
Hydroxyl oder Halogen substituiert, sind und X* ein Halogen- oder NOs'-lon Ist. 

5. Immobilisierter Biokatalysator nach einem der Anspruche 1 bis 4, der Zellen aufweist, die Enzyme enthalten, wel- 
45 che ausgewahit sind unter Fumarase, Malease, Hydralase, Aspartase und Maleatisomerase. 

6. Immobilisierter Biokatalysator nach einem der Anspruche 1 bis 4, der Bakterienzellen, die Aspartase und/oder 
Maleatisomerase enthalten, oder eine Kombination derartiger Bakterienzellen aufweist. 

50 7. Verwendung eines immobilisierten Biokatatysators nach einem der Anspruche 1 bis 6 zur Herstellung von Fumar- 
saure, L-Asparaginsaure, L-Apfelsaure, D-Apfelsaure oder L-Weinsaure. 

8. Verfahren zur Herstellung von L-Asparaginsaure oder Fumarsaure, gekennzeichnet durch zur Reaktion Bringen 
von Fumarsaure mit Ammoniak oder Ammoniumfumarat, oder von Maleinsaure mit Ammoniak oder Ammonium- 
55 maleat, oder von Maleinsaure an einem immobilisierten Biokatalysator nach Anspruch 6. 
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V ndications 

Biocatalyseur immobilis6 comprenant des cellules contenant des enzymes qui sont immobllls6es sur un support 
sollde insoluble dans I'eau par un polymfere r^pondant k la formul g6n§ral sulvante : 



CH, — CH CHCH,-Y 

\ 



J 



H® X® 
R. R: 



dans laquelle Y est une liaison directe ou un groupe divalent repondant a la formule suivante : 



0 

II 

II 

0 



ou 



CH — 
I 

CQOH 



CH- 
I 

COOH 



at Rg sont chacun independannment des atonnes d'hydrogene ou des residus organiques, X" repr6sente un 
anion et n est un nombre entier de 100 a 5000, le biocatalyseur innmobilise pouvant etre obtenu en melangeant 
ces cellules avec de I'eau dans le polymere liquide neutre a faiblement basique, en pulverisant le nnelange sur le 
support solide et en s6chant le support solide revetu du melange. 

Biocatalyseur immobilise selon la revendication 1, dans lequel ce support est une resine echangeuse d'ions ou 
un support mineral. 

Biocatalyseur immobilise selon la revendication 1 ou la revendication 2, dans lequel ce support comprend des 
granules ou une feuille. 

Biocatalyseur immobiIis6 selon I'une quelconque des revendications 1 a 3, dans lequel le R^ et le R2 de la fomnule 
du polymere sont chacun independamment I'hydrogene ou un groupe atkyle ayant jusqu'a 1 0 atomes de carbone. 
substitue si on le desire par un groupe hydroxyle ou un halogdne et X- est un halogene ou un ion NO3-. 

Biocatalyseur immobilise selon Tune quelconque des revendications 1 a 4, qui comprend des cellules contenant 
des enzymes choisies parmi la fumarase, la mal^ase, I'hydratase, Taspartase et la maleate isomerase. 

Biocatalyseur immobilts^ selon Tune quelconque des revendications 1 a 4, qui comprend des cellules bacteriennes 
contenant de I'aspartase et/ou de la maleate isomerase, ou une combinaison de ces cellules bacteriennes. 

Utilisation d'un biocatalyseur immobilise selon Tune quelconque des revendications 1 a 6 pour la preparation de 
I'acide fumarique, de I'acide L-aspartique, de I'acide L-malique, de I'acide D-malique ou de I'acide L-tartrique. 

Proc6d6 de preparation de I'acide L-aspartique ou de I'acide fumarique, caracterise en ce que Ton fait reagir 
I'acide fumarique avec de Tammoniaque ou le fumarate d'ammonium, ou I'acide maleique avec Tammonlaque ou 
le maleate d'ammonium, ou I'acide maleique sur un biocatalyseur Immobilise selon la revendication 6. 
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